The primitive reflexes were one of the earliest tools used to assess the central nervous system integrity of full-term newborns (1 -9) . They are brain-stem mediated, complex automatic movement patterns that are present at birth in full-term infants and, with central nervous system maturation, become more difficult to elicit later in the 1st yr of life, when voluntary motor activity is emerging (10) (11) (12) (13) (14) . Although Touwen (1 5 ) has argued that primitive reflexes are neither primitive nor reflexes, he acknowledges that they and their developmental course are useful components of the neurologic examination in infancy. Unusually strong or persistent primitive reflexes are present in children with cerebral palsy, and may be early markers of neurologic dysfunction (4, (16) (17) (18) (19) (20) (21) .
Capute and associates (10) (11) (12) (13) (14) have graded the primitive reflexes as to strength and completeness of response, and have described their evolution in a longitudinal study of full term Correspondence received May 31, 1985 ; accepted July 22, 1986 . Marilee C. Allen, M.D., CMSC 2 10, The Johns Hopkins Hospital, 600 N. Wolfe Street, Baltimore, MD 21205.
infants, from birth through infancy. In the only published longitudinal study in premature infants, the primitive reflexes were not graded and their frequency in the population was not revorted (9) . In addition, the vovulation was limited to selected prematurk infants beyond 2 8 k k gestation. The only descriptions of ~rimitive reflexes less than 28 wk gestation are in nonviable aborted fetuses prior to their death (9: 23-25) . Observers using ultrasound have observed fetal movements, but have not yet described discrete primitive reflexes in utero (26) .
With improved obstetric and neonatal care, the lower limit of viability is now as low as 23 to 24 wk gestation. Not only has survival improved, but the majority of these infants has the potential for a life free of major handicap (27) (28) (29) . It is therefore possible, and may be useful, to observe the pattern of appearance of the primitive reflexes in these viable extremely premature infants.
This longitudinal study describes the appearance and evolution of selected primitive reflexes in 47 viable extremely premature infants, documented by weekly examinations, from 1 wk of age until discharge from the neonatal intensive care unit. The upper extremity (palmar) and lower extremity (plantar) grasp reflexes, Moro, ATNR, Galant (lateral trunk incurvature), lower extremity placing, positive support, and stepping (automatic walking) were selected for analysis METHODS All premature infants with birth weights less than 1300 g born at The Johns Hopkins Hospital in 1983 were examined weekly, beginning at 1 wk of age, until the time of discharge. Of 69 infants meeting these criteria, 56 (81%) survived the neonatal period. Birthweight ranged from 460 to 1280 g (mean 960 g). Gestational age ranged from 24 to 33 wk (mean 27.9 wk). Thirtyeight (68%) were at or below 28 wk gestation at the time of birth.
Gestational age was determined by mother's dates in the majority (>90%) of infants, and was generally confirmed by obstetric examination, sonographic data, and the neonatologist's assessment. Although it was used in two infants in whom dates were confusing, the Dubowitz assessment of gestational age (30) has not been useful in these extremely premature infants. The Dubowitz differed from the gestational age (as determined by dates, examination, and sonographic dates) by more than 1 wk in 60%, and by more than 2 wk in 32%.
Weekly examinations (+. 2 days) were performed in all infants by a neonatologist/developmental pediatrician. The examination was deferred if the infant was unstable (e.g. with sepsis, pneumothorax, or necrotizing enterocolitis), and was resumed when the infant was stable. Although 50 (89%) infants were initially intubated, 24 (43%) were not on a ventilator at the time of their first examination. Nine (16%) infants with severe chronic lung disease and/or severe (grade IV) intraventricular hemorrhage required prolonged mechanical ventilation, for 12 wk or more. Their outcome was uniformly poor: six died and three have cerebral palsy. This discrete group of premature infants with uniformly poor outcome were excluded from analysis, and will be reported separately.
All 47 premature infants had cranial ultrasound examinations during the first 2 wk of life. The majority (60%) had two or more examinations (generally at 4-7 days, then at 10-14 days, with subsequent follow-up if abnormal). Thirty-three (70%) had no evidence of periventricular/intraventricular hemorrhage. Nine (19%) had grade I periventricular hemorrhage, four (9%) had grade I1 intraventricular hemorrhage, and one infant had blood in the ventricles with moderately dilated ventricles (grade 111 intraventricular hemorrhage). One infant had grade I periventricular hemorrhage with bilateral multiple periventricular cysts, suggestive of PVL.
The appearance of eight primitive reflexes are described in 47 premature infants. Ofthese infants, 38% were male, 62% female, 30% white, and 70% black. Data were incomplete in two: one was a 28-wk premature infant with hemophilia and was not examined until 6 wk of age, one was transferred to a community hospital at 3 wk of age. A total of 397 examinations was performed, an average of 8.4 per infant. Data are reported on the basis of postconceptional age (PCA, the sum of chronologic age and gestational age), in 2-wk intervals.
The primitive reflexes were elicited in the following manner. 1) Upper extremity grasp reflex-pressure over the palm elicits finger flexion. Subsequent traction on the arm reinforces the grip and elicits flexion at the elbow (and shoulder).
2) Lower extremity grasp reflex-pressure at the base of the toes elicits plantar flexion of the toes.
3) Moro-the examiner lifts the infant's head and gently allows it to fall back into the examiner's hand. This elicits abduction and extension of the upper extremities, followed by adduction and flexion.
4) ATNR-when the infant's head is turned to one side, the limbs on the face side extend, and the limbs on the occiput side flex. If changes in posture are not noted, then the limbs are examined for changes in tone. Consistent changes (three of five trials) in tone or posture must be elicited in an upper and lower extremity to be scored as present, and the grade is based on the limb with the highest score.
5) Galant-stroking the back along the paravertebral area elicits lateral trunk incurvature (flexion) toward that side.
6) Lower extremity placing-while holding the infant in vertical suspension, the shin and dorsum of the foot is brought into contact with the edge of the bed or table. This elicits initial flexion of the hip and knee followed by extension (thereby "placing" his foot on the table).
7) Positive support-bouncing the child vertically on his feet six times elicits brief weight bearing.
8) Stepping-supporting the child in standing and leaning him forward elicits reciprocal flexion and extension of the lower wk of age (Fig. 2) . Although this reflex was initially weak in some infants, the strength of the toe flexion increased with postconceptional age.
Moro. The initial component of the Moro, with extension and/or abduction of the upper extremities (grade l), was generally present by 25 to 26 wk PCA (Fig. 3) . Subsequent adduction or flexion (grade 2) appeared at 27 to 28 wk PCA. The complete reflex (grade 3) appeared at 29 to 30 wk PCA and was present in 75% at term.
ATNR. Four of five infants examined at 25 to 26 wk PCA had some evidence of the ATNR in both upper and lower extremities (Fig. 4) . By 31 to 32 wk PCA, 98% had some evidence of an ATNR, and beyond 33 wk PCA, all infants had an ATNR. The proportion of infants with tone changes only (grade I) decreased from 40% at 25 to 26 wk PCA to 2% at 33 to 34 wk PCA. Changes in posture (grades 2 and 3) predominated by 29 to 30 wk PCA. The strong response (grade 3) became increasingly prevalent, occurring in almost half (44 to 48%) by 35 to 40 wk PC A Galant. Trunk incurvature (grades 1, 2, and 3) was demonstrated in only one of five infants examined at 25 to 26 wk PCA, but rapidly became more frequent and stronger with increasing postconceptional age (Fig. 5) . As with the ATNR, 98% of premature infants had a Galant by 3 Postconceptional Age (weeks) extremities. They were all graded as to completeness and intensity of expression (see Figure legends) . The Moro, ATNR, Galant, and positive support were graded in the manner of, or modified from Capute et a/. (10, 13) . A grading system was developed for the upper and lower extremity grasp reflexes, lower extremity placing, and stepping.
RESULTS
Upper extremity (palmar) grasp reflex. Some degree of finger flexion in response to palmar stimulation was always present even in the most immature infants (Fig. 1) . Flexion at the elbow (the traction component, grade 3) could be elicited as early as 29 to 30 wk PCA, and was generally present by 37 to 38 wk PCA. The upper extremity grasp reflex was strong enough to pick the infant up off the bed (grade 4) in 40% at term (39 to 40 wk Postconceptional Age (weeks) PCA). 
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Positive support. Although some infants demonstrated the positive support as early as 27 wk PCA (Fig. 7) , the response in 20 the majority of infants less than 35 wk PCA was inconsistent (grade 0-1). The majority (86%) of the premature infants at term demonstrated the newborn positive support, in that they could 25 Stepping. Equivocal stepping (grade I) could be elicited in one infant as early as Z7 to 28 wk (Fig. 8) 6 . Lower extremity placing in extremely premature infants prior to term. Grading: 0 = absent, 1 = initial flexion only, 2 = initial flexion, followed by weak and/or delayed extension, 3 = brisk flexion followed by strong, brisk extension. presence or absence of periventricular/intraventricular hemorrhage. The nine infants with grade I, four with grade 11, and one with grade I11 hemorrhages were analyzed as a group, and compared to the 33 (70%) without hemorrhage. There were no detectable differences in the evolution of any of the primitive reflexes. The infant with grade I11 intraventricular hemorrhage and the infant with evidence of PVL demonstrated no definite abnormalities in the pattern of developing primitive reflexes.
DISCUSSION
Careful sequential neurodevelopmental examinations in a population of viable extremely premature infants has allowed this description of the appearance of eight primitive reflexes from 25 wk gestation to term. Three patterns of appearance of the primitive reflexes emerge: 1) the upper and lower extremity grasp reflexes were present in all premature infants, from 25 wk PCA and beyond, 2) the Moro, ATNR, and Galant were present in some premature infants as early as 25 wk PCA, and in the majority (2 80%) by 30 wk PCA, and 3) the lower extremity placing, positive support, and stepping were present by 30 wk PCA in a few premature infants, yet were not uniformly present or complete even at term. In each case, the primitive reflex became stronger, more complete, more consistently elicited, and more prevalent with increasing postconceptional age.
The grasp reflex is one of the earliest primitive reflexes that can be elicited. In this study, both upper and lower extremity grasps were present in all viable extremely premature infants (25 wk PCA and beyond). Finger flexion in response to stroking the palm has been noted in nonviable aborted fetuses as early as 10% wk gestation, with a more sustained response by l8'/2 wk (24, 25) . Stroking the base of the toes of 11% wk nonviable aborted fetuses produced toe flexion, although beyond 12' 12 wk this response competed with dorsiflexion of the hallux and toe fanning (23) . This competition between the lower extremity grasp reflex and the Babinski response has been described throughout infancy (3 1). When elicited by pressure at the base of the toes, the lower extremity grasp has been a consistent finding in nonviable aborted fetuses beyond 25 wk, viable premature infants beyond 28 wk, and full-term neonates (7, 9, 32) .
The upper extremity grasp reflex consists of not only finger flexion, which is present very early, but also flexion at the elbows and shoulders with traction (grades 3 and 4). This emerged at 29 to 30 wk PCA, and, as noted in previous reports, was consistently present by 35 to 36 wk PCA (9, 32, 33) . In comparison with 63% of full-term newborns (9), 40% of premature infants at term demonstrated an upper extremity grasp reflex that was strong enough to lift the infant off the bed.
The Moro consists not only of the initial arm extension and abduction generally described (9, 22, 32, 33) , but also a subsequent flexion and adduction of the arms (2,7, 10, 13). The initial extension component of the Moro was present in most viable premature infants, even those 25 wk PCA, and has also been observed in 22 to 25 wk nonviable aborted fetuses (9, 23) . Some subsequent arm flexion appeared at 27 to 28 wk PCA, and was generally present by 31 to 32 wk PCA. A complete Moro was present in more than half the premature infants by 37 wk PCA, and this is similar to full-term neonates (13) .
The majority of these viable premature infants had some evidence of the ATNR in both upper and lower extremities. At 25 to 26 wk PCA, half the infants who had an ATNR demonstrated it only by changes in extremity muscle tone. By 29 to 30 wk PCA, however, the majority of infants demonstrated a change in posture. These findings are consistent with those of Gesell (34) who observed the ATNR (called the "tonic neck reflex") in 28-wk gestation premature infants, and believed that there was evidence of an incomplete ATNR in 20-wk nonviable fetuses (34, 35) . Saint-Anne Dargassies (9), on the other hand, did not observe the ATNR until 35 wk PCA.
Many believe that the ATNR is uncommon in full-term newborns (4, 9, 36, 37). Saint-Anne Dargassies (9) found that the ATNR was strongest at 35 wk PCA in premature infants, weaker thereafter, and uncommon (present in only 21 %) in full-term newborns. On the other hand, Gesell (34) believed that the tonic neck reflex was universally present in full-term infants from birth to 12 wk of age (35, 38) . The premature infants at term in this study are similar to the full term newborns studied by Capute et al. (1 3) : most had an ATNR, and half had a pronounced change in posture (grade 3).
This discrepancy as to the presence of the ATNR at term may be related to the criteria used to score the reflex as present. The more hypotonic premature infant at 35 wk PCA has a more dramatic ATNR because of pronounced extension of the extremities on the face side. The increased flexor tone in full-term newborns and in premature infants at term may mask the extensor component of the ATNR. In these infants, the score (as to grade 2 or 3) frequently rests with the change in degree of elbow flexion with turning the head. Previous studies, other than those of Capute et al. (13) , did not grade the reflex or use this method to score it as present.
Although in this study the Galant was rare at 25 to 26 wk PCA, it appeared rapidly, and was present in most premature infants by 29 to 30 wk PCA. Studies on nonviable aborted fetuses show that the back is sensitive to cutaneous stimulation as early as 14 wk gestation (23, 24) . Saint-Anne Dargassies (9) noted lateral trunk incurvation in response to paravertebral stimulation in 22-wk nonviable aborted fetuses, in all premature infants at 28 wk gestation and beyond, and in 99% of full-term newborns (9) . Robinson (32) observed the Galant in 87% of premature infants 28 wk and beyond (32) , which is consistent with the findings of this study. The Galant became much stronger with increasing postconceptional age. Half of the premature infants at term had simultaneous elevation of the hips, and this compares favorably with 40% in full term neonates studied by Capute et a/. (13) .
The lower extremity placing is described as universally present and complete in full-term newborns (2, 6, 9, 39) . Grading this primitive reflex allows elucidation of its pattern of emergence in extremely premature infants. The initial flexion emerged first at 27 to 28 wk PCA, and was followed by delayed or weak subsequent extension at 29 to 30 wk PCA. At term, 80% of premature infants have brisk flexion followed quickly by brisk extension (a grade 3 response), but 20% continue to show delayed or weak extension.
ALLEN AI VD CAPUTE
The newborn positive support (grade 1) could be elicited as early as 27 wk PCA, but was not a frequent response until 35 to 36 wk PCA. This coincides with the observation that momentary lower extremity straightening with stimulation of the soles has been noted in 28-to 32-wk gestation premature infants, and spreads to the trunk at 35 to 36 wk gestational age (9, 22) .
Although more than 80% of premature infants at term had a grade 1 positive support in this study, less than 20% of full term newborns studied by Capute et al. (13) had a positive support.
Paine (16) notes that full-term newborns commonly assume a semicrouching position while briefly supporting some of their weight. This semicrouched position is not consistent with a grade 1 positive support. As premature infants at term tend to have less flexor tone than full-term newborns (9), they are less likely to assume this position, making the positive support easier to elicit.
The stepping (or automatic walking) reflex has been described as weak but present in some 28-to 32-wk premature infants, consistently present at 35 wk, and strong and sustained at 37 wk (9, 22) . Paine et al. (4) found that stepping was variable in fullterm newborns, and that failure to elicit it at a single examination was not proof of its absence. The findings of this study are consistent with these observations. Stepping was rare and inconsistent less than 35 wk PCA, then became progressively more complete, more consistent, and more prevalent from 35 to 40 wk PCA. Fifty-six percent of premature infants at term had stepping, and this compares favorably with 58% of full-term newborns (9) .
Children with grade I and I1 periventricular/intraventricular hemorrhages do not appear to have a higher incidence of major handicap (40). Therefore it is not surprising that the pattern of primitive reflexes is not different in premature infants with grade I or I1 hemorrhages. However, because of the small numbers involved in our data analysis, the statistical power of this finding is low, and there is still a definite possibility that a difference in the evolution of primitive reflexes does exist between infants with and without periventricular/intraventricular hemorrhage.
Having defined the pattern of appearance of these eight primitive reflexes in a population of viable premature infants, deviation from this pattern can be viewed as suspect. Even at 25 wk gestation, the premature infant should have both upper and lower extremity grasp reflexes. By 30 wk, most premature infants have some evidence of the Moro, the ATNR, and the Galant. These three reflexes should be clearly evident by term. On the other hand, the premature infant at term who has an incomplete lower extremity placing reflex, or does not have a stepping reflex or a positive support may still be normal. Examination of the quality of the primitive reflexes may enhance our appreciation of subtle neurologic abnormalities (e.g. asymmetry).
With one exception (positive support), the primitive reflex profile of the premature infant at term compares favorably with that of the full-term newborn reported in the literature (9, 13) . Mild (grade I or 11) periventricular/intraventricular hemorrhages do not appear to affect the primitive reflex profile of premature infants.
Thus premature infants, even as immature as 25 wk gestation, can be assessed neurodevelopmentally. A single examination is not as helpful or as reassuring as sequential examinations. The actual postconceptional age at which a primitive reflex appears is somewhat variable. Sequential examinations allow an appreciation of the total primitive reflex pattern in the extremely premature infant. The predictive ability of these primitive reflexes in premature infants prior to term will be the subject of further investigation.
